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ABSTRACT 

Iod ine  i s  used a s  a b a c t e r i c i d e  and i n j e c t e d  i n t o  
t h e  Workshop p o t a b l e  w a t e r  t anks  du r ing  t h e  Skylab mission.  
N o  mechanical p r o v i s i o n  ex is t s  f o r  i n s u r i n g  t h a t  t h e  iod ine /  
water s o l u t i o n  i s  thoroughly mixed a f t e r  i o d i n e  i n j e c t i o n .  
Furthermore,  as i s  shown i n  t h i s  memorandum, molecular  d i f f u s i o n  
w i l l  n o t  provide  t h e  mixing a c t i o n  r e q u i r e d  t o  o b t a i n  a uniform 
i o d i n e  concen t r a t ion  throughout  each w a t e r  t ank .  

I An i o d i n e  i n j e c t i o n  scheme which causes  a widespread 
i n i t i a l  d i s t r i b u t i o n  of iod ine  w i t h i n  each t ank  would h e l p  
solve t h i s  problem. A more d e s i r a b l e  a l t e r n a t i v e  would a l low 
t h e  crew t o  manually s t i r  t h e  s o l u t i o n  a f t e r  i o d i n e  i s  i n j e c t -  
ed. Seve ra l  widely sepa ra t ed  sampling p o r t s  would be u s e f u l  
i n  de te rmining  i f  a uniform i o d i n e  concen t r a t ion  has  been 
reached. 
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MEMORANDUM FOR F I L E  

I n t r o d u c t i o n  

Po tab le  water  f o r  t h e  t h r e e  Skylab miss ions  i s  s t o r e d  
i n  1 0  c y l i n d r i c a l  t anks  a t t a c h e d  w i t h i n  t h e  pe r iphe ry  of t h e  
Workshop. Each tank  holds  665  l b s  of water and i s  approximately 
4 8  i n c h e s  ( 1 . 2  meters) i n  l eng th  and 2 2  inches  (.56 meter) i n  
d iameter .  Water i s  expe l l ed  from t h e  t anks  by means of a 
be l lows  which i s  d r iven  by high p r e s s u r e  oxygen. 

Iod ine  i s  used a s  a b a c t e r i c i d e  f o r  t h e  Skylab p o t a b l e  
water  system. The t a n k s  a r e  launched w i t h  an i n i t i a l  concent ra -  
t i o n  of i o d i n e  and monitored by p e r i o d i c  sampling; p r o v i s i o n  
i s  made f o r  t h e  i n j e c t i o n  of a concen t r a t ed  i o d i n e  s o l u t i o n  
i n t o  each t ank  when t h e  r e s i d u a l  c o n c e n t r a t i o n  dec reases  below 
a p r e - s e l e c t e d  minimum. N o  p r o v i s i o n s  have been made t o  
mechanica l ly  mix t h e  i o d i n e  a f t e r  it i s  i n j e c t e d .  Vehicle  
a t t i t u d e  motion may provide  some mixing, b u t ,  because t h e  
be l lows  w i t h i n  each tank  p r e v e n t s  s l o s h i n g  a c t i o n ,  t h i s  e f f e c t  
might  be n e g l i g i b l e .  I n  t h i s  memorandum, it i s  assumed t h a t  
molecular  d i f f u s i o n  i s  t h e  only means of achiev ing  a uniform 
d i s t r i b u t i o n  of iod ine .  The t i m e  r e q u i r e d  f o r  complete d i f f u s i o n  
i s  c a l c u l a t e d .  

D i f f u s i o n  Model 

The d i f f u s i  
c o n c e n t r a t i o n  t o  one 

n of molecules  from a volume of h igh  
of lower c o n c e n t r a t i o n  i s  desc r ibed  by 

t h e  three-dimensional  d i f f u s i o n  equa t ion  g iven  below. 

3 
P = concen t r a t ion ,  gm/m 

D = d i f f u s i o n  c o e f f i c i e n t ,  m /day 2 

x , y , z  = d i s t a n c e ,  m 

t = t i m e ,  days 
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I n  t h e  p r e s e n t  a n a l y s i s ,  t h e  p o t a b l e  wa te r  t ank  
w i l l  be approximated by a t h i n ,  f i n i t e  c y l i n d e r  which has  t h e  
same l e n g t h  as t h e  Skylab tank. This  approximation reduces  
t h e  problem t o  one dimension. The accuracy of t h e  r e s u l t  w i l l  
be s u f f i c i e n t  t o  provide  an e s t i m a t e  of t h e  t i m e  r e q u i r e d  t o  
reach  a s t e a d y  s ta te  cond i t ion  fo l lowing  t h e  i n j e c t i o n  o f  a 
concen t r a t ed  i o d i n e  s o l u t i o n .  The a n a l y s i s  assumes t h a t  t h e  
i o d i n e  i s  i n j e c t e d  a t  one end of  t h e  tank.  

A s o l u t i o n  t o  t h e  d i f f u s i o n  equa t ion  depends on t h e  
i n i t i a l  and boundary v a l u e s  of t h e  problem. Many s t a n d a r d  
s o l u t i o n s  e x i s t  i n  t h e  l i t e r a t u r e ,  and o f t e n  it i s  p o s s i b l e  t o  
merely look up a s o l u t i o n  t h a t  f i t s  o n e ' s  own i n i t i a l  and 
boundary va lues .  Unfor tuna te ly ,  m o s t  such s o l u t i o n s  apply  t o  
i n f i n i t e  and s e m i - i n f i n i t e  media ( e .g .  an i n f i n i t e  or  s e m i -  
i n f i n i t e  t h i n  c y l i n d e r  as opposed t o  t h e  f i n i t e  l eng th  
c y l i n d e r  of t h e  p r e s e n t  a n a l y s i s ) ;  t h e r e f o r e ,  a ready s o l u t i o n  
w a s  n o t  on hand f o r  t h e  problem of i n t e r e s t  here .  But, i n  
some c a s e s ,  t h e  s o l u t i o n s  f o r  i n f i n i t e  media can  be extended 
t o  f i n i t e  media by in t roduc ing  t h e  concept  of r e f l e c t i o n s  a t  
a boundary. Thus, t h e  s o l u t i o n  f o r  t h e  i n f i n i t e  t h i n  c y l i n d e r  
can be extended t o  t h e  s e m i - i n f i n i t e  t h i n  c y l i n d e r ,  and f i n a l l y ,  
t o  t h e  f i n i t e  l e n g t h  t h i n  c y l i n d e r  t h a t  i s  of i n t e re s t .  This  
procedure  i s  carried o u t  i n  t h e  Appendix. 

R e s u l t s  

A s o l u t i o n  of t h e  d i f f u s i o n  equa t ion  t h a t  s a t i s f i e s  
t h e  i n i t i a l  and boundary va lues  of t h e  p r e s e n t  problem i s  g iven  
below. 

r 1 

L n = l  J 

3 
p = c o n c e n t r a t i o n ,  gms/m 

M = mass of i o d i n e  i n j e c t e d  i n t o  t ank ,  gms 

A = c r o s s - s e c t i o n a l  a r e a  of c y l i n d e r ,  m 

D = d i f f u s i o n  c o e f f i c i e n t  = .00005m /day f o r  i o d i n e  

2 

2 

i n  wa te r  

t = t i m e ,  days  

x = d i s t a n c e a l o n g  c y l i n d e r  from i o d i n e  i n j e c t i o n  p o i n t ,  m 

L = l e n g t h  of Skylab w a t e r  tank = 1 . 2 m  
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The above equa t ion  h a s  been e v a l u a t e d  and r e s u l t i n g  
i o d i n e  c o n c e n t r a t i o n  p r o f i l e s  are shown i n  F igure  1 f o r  50 days ,  
4 0 0  days,  1 8 0 0  days ,  and 9000 days fo l lowing  i n j e c t i o n  of  t h e  
concen t r a t ed  i o d i n e  s o l u t i o n .  The d i f f u s i o n  of i o d i n e  from an 
i n i t i a l  c o n c e n t r a t i o n  a t  one end of t h e  t ank  t o  a s t e a d y  s t a t e  
uniform c o n c e n t r a t i o n  i s  an extremely s l o w  p rocess  i n  t h e  Skylab 
wa te r  t anks .  A t  x=L, approximately 9000 days are r e q u i r e d  f o r  
t h e  c o n c e n t r a t i o n  t o  reach  90% of i t s  f i n a l  va lue .  A t  t h e  end 
of e i g h t  months, corresponding t o  t h e  end of t h e  f i r s t  t h r e e  
Skylab mis s ions ,  i o d i n e  d i f f u s e s  through only  one  t h i r d  t h e  
l eng th  of t h e  Skylab tank.  

The method used t o  i n j e c t  i o d i n e  i n t o  t h e  t ank  could  
a l l e v i a t e  t h i s  problem somewhat. For example, a nozz le  t h a t  
sprayed t h e  s o l u t i o n  i n t o  t h e  t ank ,  or  some o the r  f o r c e f u l  
means of achiev ing  a l a r g e  i n i t i a l  d i s t r i b u t i o n  of t h e  concen- 
t r a t e d  s o l u t i o n  i s  d e s i r a b l e .  Even more d e s i r a b l e  would be a 
manual p r o v i s i o n  t h a t  t h e  c r e w  could use  t o  s t i r  t h e  s o l u t i o n  
i n  t h e  tanks .  For monitoring purposes ,  sampling p o r t s  a t  both  
ends of t h e  tank would be h e l p f u l  i n  de te rmining  i f  a uniform 
c o n c e n t r a t i o n  of i o d i n e  has  been reached.  

MDAC-WD, t h e  des igne r s  of t h e  Workshop water  s t o r a g e  
system, a r e  aware of t h e  long d i f f u s i o n  t i m e  a s s o c i a t e d  w i t h  
iod ine /water  s o l u t i o n s . *  They are c u r r e n t l y  cons ide r ing  t h e  
a d d i t i o n  of a p i s t o n / c y l i n d e r  mechanism t h a t  would enab le  t h e  
c r e w  t o  manually mix t h e  s o l u t i o n .  S o l u t i o n  from t h e  t ank  would 
be allowed t o  e n t e r  t h e  c y l i n d e r  and t h e n ,  by means of t h e  p i s t o n ,  
would be f o r c e f u l l y  i n j e c t e d  back i n t o  t h e  tank .  The s w i r l i n g  
a c t i o n  imparted t o  t h e  s o l u t i o n  would provide  t h e  d e s i r e d  mixing 
a c t i o n .  T h i s  system i s  s t i l l  i n  t h e  conceptua l  s t a g e ;  i t s  
e f f e c t i v e n e s s  must be demonstrated b e f o r e  s e r i o u s  c o n s i d e r a t i o n  
can be g iven  t o  implementing it on t h e  Skylab. 

1022-JJS-cf 

Attachments 
F igu re  1 
Appendix 

J. J. Sakolosky 

*Personal  Communication w i t h  T. Gallows, McDonnell-Douglas 
A s t r o n a u t i c s  Company - Western Div i s ion ,  June 1 2 ,  1 9 7 0 .  
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APPENDIX 

The Skylab p o t a b l e  wa te r  t anks  have been modeled as 
t h i n ,  f i n i t e  c y l i n d e r s  of t h e  s a m e  l e n g t h  as t h e  a c t u a l  t anks .  
Th i s  a l lows  t h e  t h r e e  dimensional  d i f f u s i o n  equa t ion  t o  be 
s i m p l i f i e d  t o  one  dimension a s  g iven  below. 

2 The d i f f u s i o n  c o e f f i c i e n t  (D = .00005  m / d a y ) * i s  assumed t o  
be c o n s t a n t  f o r  t h i s  a n a l y s i s .  

The concen t r a t ed  iod ine  s o l u t i o n  i s  i n j e c t e d  i n t o  t h e  
c y l i n d e r  a t  t h e  p l ane  x = 0;  i o d i n e  c o n c e n t r a t i o n  elsewhere 
throughout  t h e  c y l i n d e r  i s  i n i t i a l l y  zero.  Therefore ,  t h e  
i n i t i a l  i o d i n e  concen t r a t ion  p r o f i l e  f o r  t h e  problem i s  de f ined  
by a d e l t a  func t ion :  

a t t = O  M 
P ( X )  = - A 6 ( x )  

M = mass of i o d i n e  i n j e c t e d  i n t o  t a n k ,  gms 

A = c r o s s - s e c t i o n a l  area of c y l i n d e r ,  m 2 

The boundary va lues  must s a t i s f y  t h e  c o n d i t i o n s  imposed 
by zero  flow across t h e  ends of a f i n i t e  c y l i n d e r  of l eng th  L. 
Mathematical ly ,  t h e  c o n s t r a i n t  may be r e p r e s e n t e d  as 

a t  x = 0 ,  x = L; f o r  a l l  t 

Other  c o n d i t i o n s  which must be s a t i s f i e d  are g iven  below. 

f o r  a l l  x 

*Handbook of Chemistry and Phys ic s ,  F o r t i e t h  E d i t i o n ,  
Chemical Rubber Publ i sh ing  Company, Cleveland,  O h i o ,  page 2170.  
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A L L  p ( x , t )  dx = M ,  a l l  t 

These two cond i t ions  reduce t o  PAL = M f o r  l a rge  v a l u e s  of 
t i m e .  This  form rear ranged  t o  

w i l l  be used t o  check t h e  s o l u t i o n  f o r  l a r g e  v a l u e s  of t i m e .  

The s o l u t i o n  t o  t h e  one-dimensional d i f f u s i o n  equat ion  
f o r  a s e m i - i n f i n i t e ,  t h i n  c y l i n d e r  w i t h  an i n i t i a l  concen t r a t ion  
of i o d i n e  i n  t h e  p l ane  of x = 0 i s  g iven  i n  Reference A - 1  a s  

M e  -x2/4Dt 
P 0 ( X , t )  = - 

A J X F  

Th i s  s o l u t i o n  can be extended by t h e  method of r e f l e c t i o n s  
(Reference A-2)  t o  t h e  f i n i t e  c y l i n d e r  used t o  model t h e  Skylab 
t anks .  The concen t r a t ion  d i s t r i b u t i o n  of  equa t ion  (1) i s  
assumed t o  be s u c c e s s i v e l y  r e f l e c t e d  a t  t h e  boundaries  x = L ,  
x = 0 ,  etc.  The new s o l u t i o n  i s  t h e  s u p e r p o s i t i o n  of t h e  
s u c c e s s i v e  r e f l e c t i o n s  on equat ion  (1). P i c t o r i a l l y ,  t h i s  i s  
shown below f o r  some s p e c i f i c  t i m e  du r ing  t h e  p rocess  of 
d i f f u s i o n .  

P2 I Po P1 P3 

-3L -2L -L 0 L 2L 3L 
FTANK~ 
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Mathematical ly ,  t h e  r e f l e c t i o n s  a t  each boundary a r e  d e s c r i b e d  
as fo l lows .  

1st R e f l e c t i o n  a t  x = L: 

- ( x - ~ L )  2 / 4 D t  p l ( x , t )  = - M e  
A G E  

1st R e f l e c t i o n  a t  x = 0: 

M e  - ( x + ~ L )  2 / 4 D t  
P 2 ( X , t )  = - 

A J X  

2nd R e f l e c t i o n  a t  x = L: 

M e  - (x-4L) 2 / 4 D t  p 3 ( x , t )  = - 
A f i  

and so on ... 
The f i n a l  s o l u t i o n  is g iven  by 

p = p o  + p 1  + p 2  + p 3  + ........ 

A f t e r  some manipula t ion  t h i s  can be shown t o  be  

I +  - L 2 / D t  e xL/Dt+e-xL/Dt 

p ( x , t )  = A G E  M e  I 2  
3xL/Dt+e-3xL/Dt)+ . . *] 

2 

2 ~ L / D t + ~ - 2 x L / D t  ] + 2 e  
2 

2 e  
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Recognizing t h a t  

A- 4 

-U 
= cosh u e‘ + e 

2 

t h e  s o l u t i o n  reduces t o  

Checking t h e  above equa t ion  a g a i n s t  t h e  boundary v a l u e  c o n d i t i o n  

a ~ ( x , t )  = o a t  x = 0, x = L; a l l  t ax 

one sees t h a t  t h e  boundary v a l u e s  a r e  s a t i s f i e d .  F igure  1 
i n d i c a t e s  t h a t  t h e  c o n d i t i o n  

i s  a l so  s a t i s f i e d .  

For t h e  t i m e  r a n g e  of i n t e r e s t ,  equa t ion  ( 2 )  can be 
approximated very  w e l l  u s ing  o n l y  t h e  f i rs t  term of t h e  i n f i n i t e  
summation. When t equa l s  9000 days ( t h e  t i m e  a t  which t h e  
c o n c e n t r a t i o n  a t  x = L reaches  9 0 %  of  i t s  f i n a l  v a l u e ) ,  t h e  
r a t i o  of t h e  n = 1 term t o  t h e  n = 2 term i s  620 a t  x = L and 
1 5 , 0 0 0  a t  x = 0 .  The r a t i o  i n c r e a s e s  f o r  s h o r t e r  t i m e s .  
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